US007657645B2

a2 United States Patent (10) Patent No.: US 7,657,645 B2
Xu 45) Date of Patent: Feb. 2, 2010
(54) SYSTEM AND METHOD FOR 6,904,095 B1* 6/2005 Wilkinson et al. ..... 375/240.26
TRANSPORTING MPEG2TS IN RTP/UDP/IP 7,274,863 B2*  9/2007 Ando ..c.eveereriiinnnnnn, 386/112
2004/0103149 Al1* 5/2004 Tanigawa etal. ............ 709/204
(75) Inventor: Shugong Xu, Vancouver, WA (US) 2004/0190459 Al* 9/2004 Uedaetal. .................. 370/252
2005/0071876 Al* 3/2005 vanBeek ..................... 725/62

(73) Assignee: Sharp Laboratories of America, Inc.,

Camas, WA (US) * cited by examiner

(*) Notice:  Subject to any disclaimer, the term of this rr WW Y Examf;tzer —Nathan Flynn o
patent is extended or adjusted under 35 Assistant Examiner—Mohammad A Siddiqi

U.S.C. 154(b) by 1005 days. (74) Attorney, Agent, or Firm—ILaw Office of Gerald
Maliczewski;, Gerald Maliszewski

(21)  Appl. No.: 10/772,815
(57) ABSTRACT

(22) Filed: Feb. 5, 2004
Systems and methods are provided for recerving and trans-

(65) Prior Publication Data mitting an MPEG?2 transport stream (TS) in a real-time pro-
US 2005/0177643 Al Aug. 11, 2005 tocol (RTP)/user datagram protocol (UDP)/Internet protocol

’ (IP) packet. The recerving method comprises: receiving an IP

(51) Int.Cl. packet via an IP network, having a variable transmission
GO6F 15/16 (2006.01) delay; accessing a timestamp carried in a RTP packet; linking

(52) US.CL oo, 709/231: 709/204: 709/206: e tumestamp with a program clock reference (PCR)

MPEG2TS carried 1n the RTP packet payload; and, using the
timestamp to eliminate variable transmission delay jitter,
associated with the PCR MPEG2TS. In one aspect of the
method, the timestamp has a resolution of greater than 500
nanoseconds (ns), so that the variable transmission delay
(56) References Cited ntter, associated with the PCR MPEG2TS can be reduced to
a jitter of less than 500 ns.

709/230; 709/232; 370/2352

(58) Field of Classification Search ......... 709/230-233,
709/204, 206; 370/252

See application file for complete search history.

U.S. PATENT DOCUMENTS
6,542,504 B1* 4/2003 Mahleretal. ............... 370/392 28 Claims, 8 Drawing Sheets

800




U.S. Patent Feb. 2, 2010 Sheet 1 of 8 US 7,657,645 B2

DE-JITTER.

ENCAPSULATION , :
» MODULE |

MODULE N RECEEVER

| TRANSMITTER |
: En

’EG&‘%

:”3 . RTF i
NE“‘E‘W@HK CACKETS

704 E 110

708

PCR é PCR
CONSTANT DELAY

MPEGZTS = B MPEGZ2TS

MPEG2TS)|

ENCAPSULATION] | |DE-JITTER|
| MODULE | " M - MODULE |
2 . S i 5 o

NETW@RK PAGKETS

704 g 110~
PCR E PCR




uuuuuuuuuuuuuuuuuuuuu

m.m._mwmuﬁ mnm.mmm%m m.&@mmﬁ Em

US 7,657,645 B2

O B WY M N M W W e R e O
DRI X AN XK OO XF KN K UK 20
LN R d--R-R-N-4--F-R -0
o a7 BN O W AT AN B U R KR OE
Pt TR WP W Faf T s ot el Dal) WP e DM

|S1793d | S1293dI | S1293dW |HY

Sheet 2 of 8

m.m.mwm% mﬁwm% s 1z03an|Hy

N Of 30 Kk MM X M KN UK X W1 KF KN
KX O 3K1 W WK O RO W O O W R
O O O Wil il Ouf Ml W0 OB PO TWE PR RN
W O W e A O N e TR EWE TR AR e
RS T NS B A AR W

Feb. 2, 2010

(S.Lig mmw.%ﬂ.,wmﬁﬁ B

[dle=N ¢ "Bi]

111111111111111111111111111111111111111111111111111111111111111111111111111111

11111111111111111111111111111111111111111111111111111

U.S. Patent



US 7,657,645 B2

Sheet 3 of 8

Feb. 2, 2010

U.S. Patent

15120340 ﬁ%m% E%m%.

1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

SHLONELS z@m,ﬁmzmmﬁﬁu
AV T 51603dN

-
-
-
-
L
L
-
-
B
B
B
B
1
1
[
B
B
-
-
-
-
-
-
-
-
-
o
-
]
-
-
o
o
L]
-
o

-
-i‘!-.-

-

-

b4 A

oy
™

gt

AL
*i1i:.1 -i"-'l

Tt

W

':*-i‘li
1%*1*‘

i
i

-.—_i:_.'-u.l-
[ LN

Ak
ot
ol

r-"": . :‘*
E-'i h'ﬁ- 4 =

F""—.‘I
- ‘
[
ik

L. g7 BB J.- N B F-1-3__R.]
HENY WA YN
OCX XN OC O K7 O O OO0 KN X
St B B o O DR R S AT N W R A
Pl B A B A TR LR U AT R W A D

R IR AR PR
#wcu&ufﬂﬁﬁ #.._,

SR
w»g_v SN

5] S P
N RN N N R B . B_0 N §. J._|
E Rl Wh ik E EE BE ik N B EE R =

_.r %m-szw m

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

‘B

¢ ‘B



S. Patent Feb. 2, 2010 Sheet 4 of 8 US 7.657.645 B2

&

P S s

-
o a -

b4
e
L]
-1
L]
e e e e B B e e e B B St S S N ™t
-
-
3
-
-
L]
L]
L]
L]
-
3
- L]
-
3
LR B I IERE RN BE BE DL IR IERE DR BE IR BE IR IERE DR BE B DL I IEDE DR BE RE B IR IEDE DR BE DE BE IR IE DR DD BE BE B IE UE DR BN B BE IR L IR D NN B BE BE I IR DR N B BE B IE UL D BN BE B B NE UL R BN B B BE NE I B ) [BE DL B I IR DN BE BE B IR IR BN BR BE DL I IR IR DR DR BE B I IR IR DR BE BE B IR IR DR BN BE B IE IR IR DR R B DR IR IR IR DE R DL DR I I IR DN DL B L I IR DR DR BE B BE I IR U DN B B BN U0 IR N BN BE BE B B I BN B B
L]
L]
-

ALCESSING TIMESTAMP ‘

% " " W71 EFTITWETIEEETTEITIECTEEETIEETTEETTEEEEEEIT T EETEETTAEAEETEETIECTEEETIEAEEEETTEEE W TAEAEEEEITTEAEEEEATTEEEEETTEAEEEETTEEEEEETITEATEEETTTEAEEEETTEEETETTTEAETEETTTATEEETTIEAETEEETTEEEETTTEATEEETTTETREENT

L |

4 d - b & ok ok A d o= koA bk ohod o= boh ook odd o= kodod ok odkdomom koA

AGUESSING INDEX

LI I NI R R RN E R R RN R RN R R RN R R RN ERERLRREEENEERLRREEENERE RN N

o Fd r Pk FFdr}b

*

o
-
&
&
m.wg
=
Al
23
>
=
s
oo
C
Ju
G
s
=
L
1L
6>
ot
e
43

LISING TIMESTAMP TO ELIMINATE JITTER

4 4 & J - L A& & A & d - bk d A d A d - bk oA odd = koA od A hd = kA b d kA d = bod koA ok d - kAo d & d - bk od ok dd = bk d A d - kA ododhd - bdod ok dd - bodd b hd - bk dd - kA oddkdd - b kA od oA dd - b d oA odd = bk Ak d = b od kA d = bAoA odd = bod oA kodd - ko dddd - koA ododdd - kdodddd - bk od kA dd = L

F o &k d r k&

-
4
-
.
]
o
L
P
-
N
-
iiii1liiii11liiiii1liiiii1@1liiii11liiii11liiiiii1liiiii1liiii-l'|liiii-l'|liiiii'|liiiii'|liiii-l'|liiii-l'|liiii-l'|liiii‘l'|lliiii‘l'|liiii‘l'|liiiii1liiiii1liiiii1liiiii1liiiii1liiii11liiiii1liiiii11liiii11liiiii1‘
.
-
-
-
-
.
-
L
-
.
-
-
L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] -
-
R e e e I T e e e e I e N e N e e e e e e e T e I e e I e I e N e T e e e e e e N e T e e e e e e T e e e e e e N e e e e e e e e e e e N e N e e e I e N N W T
-
"
.
-
-
-
.
L
-
" -
.
-
11liiiii1liiiii1liiii11liiii11liiiii1liiiii1liiii11liiiiii1liiiii1liiiii'|liiii-l'|liiii-l'|liiii-l'|liiiii'|liiii-l'|liiii-l'|liiiiii'|lii-i-ii'|liiii‘l'|liiiii1liiiii1liiiii1li‘iiii1liiiii1liiiii1liiiii11liiii11liiii11liii
-
'
4
-
. 4
s -
L IE I
. T
4
- -
N 1
» a
OO O RO O N N I A N O L RO
4 L
LY -
s "
. .
- -
- -
- -
.
4 L
LY L -
s "
. .
-
N RN N N N R N R R A N A R R R N A N F R R EE N IR
a
-
'
4
-
. 4
s i
LI K| 4
. e
4 d 1
- -
., 1
a
L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] - L] L] L] L] L] L]
. .
L
- 1
"

m
5
2>
.
7
-
5
a
{2
~
o
P
P,
7
fri
m!
ra
O
P
{3
e
m
.....!

4 7 b h bk dd v hh ok h A d oy hhhh b d bk h ok h A A hhhhEd oy bk hhh A d oy b hhh kA b h ok ok ok kv bk hE kA v bk hh kA v bk h ko kA bk h ko kA v bk ok h kA v bk h h kA v bk h ko kA bk h ko ko bk ok hhhd v b h h kR d oy b hh ok hd v b h ko hhd b h ok ok d oy b hh ok hd v b hh ok hd b h ok ok hd oy b hh ok hd oy bk ok ok hd oy bk ko hd bk h ke hd ek
3

. TRANSMITTING 1P PALRET

ko

okl



US 7,657,645 B2

Sheet 5 of 8

Feb. 2, 2010

U.S. Patent

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

ZH OPS -+ ZHINLZ = AONZNODHHEd MO00T10 W31SAS

HIALNNOD WOOT |
SLNIWHONI OXOA /

S8 e

nnnnn

HIOTOZNEL
M loAb fHINLG
=207 AONINDEY

7 MHOMLEN
\LHOJSNYHL/

= w
nnnnn

.......................................... SUWO0L AddAd - ol

. M_ QLN J3138NI 40d - w.. W

................................ N | NN wminnos o4
SLNZWIHONI

H30T0

ayy yord) 01 “Did



AV 1=
ANYLSNOOD

A 1= P
= IHVievA = 1HVia A

AY =0

US 7,657,645 B2

P a4 m ' a m s mmam maa mma m ma m maE m ma maaa s P m s mamama am mam m a4 m ma m maa m ma m s aommaom . m " amaamm g aaaaaaa maa g a e aaaa s s a a4 m o ama aw a4 m a0 mmaa m m o m ma amm o amam aaa

- - r -+

- - - .
- - r -+

- - - -
- - ] [

- - - -
- - . -

- - - -
- - r -+

F] F] F] a
- - ] .

- - - -
F] F] . . . ] Fl .
- - r -+

- - - .
- - r -+

- - - -
- - ] [

. . . . .
F] F] ] Fl

- - - -
- - r -+

F] F] F] a
- - . . . ] . .
- - ] [

- - - - - .
L - - r -+ LR |
FAE N - - - )

+ 4+ ¥+ +F F AP FFAFEPFPEEPFPrPEFPAPrEA T + 5 F F F 4 FF 4 ¥+ 5+ F ¥ + ¥+ 4+ F FF FFP H + F 4 F 8§54 55 + Ff 4 F5 5 F 45 FFFFPFFFPFEPPPF A
# Ff F ¥ - - - - - + 19
o r r r r r e
- - - - - -+
» » ] ] ]
- - - -
H - - r -+
F] F] F] a
- - . . . ] . .
- - ] [
- - - - -
- - r -+
- - - - -
- - r -+
. . . . . .
- - ] . .
- A
F] F] ] Fl
’ A
- - r -+ .
- - ’ r -+
. A
- - ] [
- A
- - r -+
. a
- - . -
. a
- - r -+
- L A
PN NN N N NN N N N N N N N NN NN N N N N N NN N NN NN NN NN PN NN NN NN NN NN N NN NN NN NN NN NN N N N N N N N N N N NN N N N NN N NN NN NN NN N NN NN N N N N N N N N N NN NN NN NN N NN NN

NOISSIA
SNVl

-1 LN
RiEllele
NILSAS

ANk

L P P L DL DL DL DL T D DO DO L DL P L DR DL DL DR DL P

+ 445 8 5P 5P

(INVY
=000
N LSAS

Sheet 6 of 8

&0
S0YHOLS

L N B N N O N B O B B R N O B I B B I B O I D I D D B D O B B B B A
L B U N I B N N BN R I B B B I N N L B N B B N R I B I I N B B B
LU B U N I B N B NN R N N R D N I N N DL N N B N N N N N I B N B B B

L L N N R L N R N L N 4 S FFES S IS PSS S FS PSS L R N L N L N L N L N N N N R D R R L N N
a

L F
L F
. r
L F

4 4 4

LI L L P DL D B L L DL PO P DD L L P LB D D DN PR B
£l

L N B I B B B B B B B B

+ 4
f T
¥ F P

# FF P
+ ¥ ¥

: e =A00050
100

4 A F P F AP SRS AR ES S

L

.

.

L

r

.

L

L

.

.

L

L

r

L

L

. +

: 1 mm m QQ Z iiiiii

4+ 45 85 54 FFF 4+ 4 44 F 5 JF L I N R L R R R RN RN
L - i.‘l.‘

r

F] a

F] a
- -
F] a
F] a
- a
r

.

L

r

.

L

L

.

a
a
a
a
R R N R T R R I I I N e N N I I ] I I I I N I I I L I I T I e R I e N N L I I I N

bk oh A hoh hh ko hh hoh bk hdh ko hd hhE o E ok h

L B B N B B B O O N O B B O B B B O O B I B R BN
LN B N N B N N U N N B N I B R I B R B N B B B B B B

bk ok ok ok oh b ohdhohhd o hE ko h h hh o hhhhh h h ok h ok h o hh bk h ko h o A E oy h o h ko h o h hh o h oy ko h ko
= 2 W W T W W TE IR BRE WM

LB I B N I O B I O B O B B B B O O B O D DL B I B B O D B O B B

.
L
r
.
L
L
.
.
L
L
r
L
L
.
.
L
ii-ii.—iii 41 4 £ 4 4 F 455
r
.
L
L]
.
L
-
r
.
L
r
.
L
L
.

LR N N L L R L N L L L L N L N L L L N N L N L L N

-GLEEL DAVOS] NONA _
NILSAS S3dW 40 TEA0N ONINLL LYY HOBI)

11 ‘B

LR N N N L L N D O L L

Feb. 2, 2010

U.S. Patent



US 7,657,645 B2

Sheet 7 of 8

Feb. 2, 2010

U.S. Patent

N4 LS INDWA T GA213M0Vd -SEd
LMY SL ARZSAS NI LON SW0OL d-d S0ONO LSV LY L3M0Vd
SL204dW OL QdlddSNE 39 QNOHS NOLLVYINGOANT Hld VML S36iN0dyd 81881 D306

(81
WY THLS NOUYIHOdSNYYL

LINOV S
(F1avidvA)|  OVOIAVd S3d | AR
. I et e mm&
TUNLONYULS LINHOV SLZOIN
(LYY MO
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Z1 ‘Bl



US 7,657,645 B2

Sheet 8 of 8

Feb. 2, 2010

U.S. Patent

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

LNV dl

S1z03dn |} “mmwm%ﬁmmm% ¥AAY3H dLY |

nll

Yeitif{e 1)

yiv{

(LMY HOINd)
1 "B



US 7,657,645 B2

1

SYSTEM AND METHOD FOR
TRANSPORTING MPEG2TS IN RTP/UDP/IP

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to the communications of
compressed video and, more particularly, to a system and
method for minimizing jitter in MPEG?2 video data commu-
nicated via an Internet Protocol (IP) network.

2. Description of the Related Art

The National Television Standards Committee (NTCS)/
Phase Alternation by Line (PAL) timing requirements asso-
ciated with motion pictures expert group (MPEG)2 video
communications are very stringent. Fluctuations of the syn-
thesized color sub-carrier cause an impairment of the picture
quality. Thus, for a broadcast-level video system, the system
frequency requirements might be as tight as +/-3 parts per
million (PPM). If a free-running decoder 1s installed 1n a
personal computer (PC), it may be subject to overflow or
undertlow, which also damages picture quality.

FIG. 10 1s a diagram 1llustrating the transport of the pro-
gram clock reference (PCR) used 1n synchronizing an MPEG
systems clock (prior art). The PCR 1s a timestamp included in
a PCR MPEG?2 transport stream (TS). The PCR MPEG2TS 1s
typically mserted into the communications stream approxi-
mately every 40 milliseconds (ms). However, ISO 13818 only
requires insertion every 100 ms.

FIG. 11 15 a timing model of an MPEG system, as specified
in ISO/IEC 13818-1 (prior art). Although there are variable
delays associated with the buifering of the video on both the
receive and transmit sides, the constant storage and/or trans-
mission delay permits the overall delay, from Video In to
Video Out, to remain constant. Any dithering that occurs in
transmission 1s taken care of 1n the decoding process. As a
result, the PCR jitter can be kept less than 500 nanoseconds
(ns). However, when MPEG video 1s transmitted via an Inter-
net Protocol (IP) network, the storage and transmission
delays may vary. There 1s no requirement that MPEG?2 pack-
ets be transported per a schedule, and the loading and buffer-
ing of IP packets belore transmission cannot be predeter-
mined. Route change and variation 1s another contributor to
IP network jitter. As a result, the overall delay, from Video In
to Video Out, varies and the system timing requirements
cannot always be met.

FIG. 12 1s a diagram illustrating the MPEG2TS packet
structure (prior art). The PCR timestamp i1s inserted into a TS
header. A MPEG2TS packet, referred to herein as a
MPEG2TS, includes TS packets, eachmadeup ofa TS header
and corresponding TS payload. Note that the PCR 1s not
inserted into every MPEG2TS, as several MPEG2TSs may be
communicated i a 100 ms time duration. Using Standard
Defimition TV (SDTV) as an example, 160 MPEG2TSs typi-
cally occur between PCR MPEG2TSs.

FIG. 13 15 a diagram 1llustrating real-time protocol (RTP)
as defined by RFC 2250 (prior art). More specifically, a RTP/
user datagram protocol (UDP) packet 1s shown as carried in
an I[P packet. Conventionally, the RTP packetincludes an RTP
packet header and a plurality of MPEG2TSs 1n the RTP
payload. The RTP header includes a 32-bit synchromization
timestamp, which 1s referred to herein as a RTP timestamp.
Note, the RTP timestamp 1s not intended for use in recovering,
the video system target decoder clock. Also note that the RTP
timestamp 1s not associated with any particular MPEG2TS in
the RTP payload. Further, the 32-bit RTP timestamp only has
a resolution of 90 kilohertz (kHz), msufficient for a 500 ns
systems requirement.
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2

It would be advantageous 11 a means were developed for
climinating, or at least minimizing the MPEG2 systems jitter
associated with IP network vaniable delays.

It would be advantageous 11 the above-mentioned IP net-
work variable delays could be minimized, by linking a PCR
MPEG2TS to a target transmission time.

SUMMARY OF THE INVENTION

The present invention addresses the above-mentioned IP
network variable delay 1ssues 1n the transport of MPEG2TSs
through the use of two independent approaches. One
approach links a target transmission timestamp with the PCR

MPEG2TS. Another approach uses a high-resolution times-
tamp for the PCR MPEG2TS linkage.

Accordingly, a method 1s provided for receiving an
MPEG?2 transport stream (TS) 1n a real-time protocol (RTP)/
user datagram protocol (UDP)/Internet protocol (IP) packet.
The method comprises: receiving an IP packet via an IP
network, having a varniable transmission delay; accessing a
timestamp carried in a RTP packet; linking the timestamp
with a program clock reference (PCR) MPEG2TS carried in
the RTP packet payload; and, using the timestamp to elimi-

nate variable transmission delay jitter, associated with the
PCR MPEG2TS.

In one aspect of the method, the timestamp has a resolution
of greater than 500 nanoseconds (ns), so that the variable
transmission delay jitter, associated with the PCR MPEG2TS

can be reduced to a jitter of less than 500 ns.

In three aspects of the aspects, the step of accessing a
timestamp carried 1n the RTP packet includes accessing a
RTP timestamp carried in a RTP packet header. For example,
the RTP tlmestamp may be linked with a solitary PCR
MPEG2TS carried 1n the RTP packet payload. In another
aspect, the RTP timestamp 1s linked with a PCR MPEG2TS
immediately following the RTP packet header. In a third
aspect, the method accesses a timestamp packet index field 1in
the RTP packet header. Then, the timestamp packet index 1s
used to point to a PCR MPEG2TS randomly positioned 1n the

RTP packet payload.

In a fourth aspect, a PCR MPEG2TS index field 1s accessed
in the RTP packet header and the timestamp 1s a PCR
MPEG2TS timestamp carried 1n a RTP packet header. Then,
the PCR MPEG2TS mdex 1s used to point to a PCR
MPEG2TS randomly positioned 1n the RTP packet payload
In a fifth aspect, a local timestamp field 1s accessed 1 an
MPEG2TS delay compensation data structure. The
MPEG2TS delay compensation data structure 1s carried in the
RTP packet payload and includes the local timestamp and a
corresponding PCR MPEG2TS. Then, the local timestamp 1s
linked to the corresponding PCR MPEG2TS 1 the
MPEG2TS delay compensation data structure. The local

timestamps can also be used to reference non-PCR
MPEG2TSs.

Additional details of the above-described method, a
method for transmitting an MPEG2TS 1n a RTP/UDP/IP
packet, and corresponding receiver and transmission systems
are provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram of the present inven-
tion system for recerving an MPEG2TS in a RTP/UDP/IP
packet.

FIG. 2 1s a RTP packet protocol drawing 1llustrating a first
aspect of the present invention.
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FIG. 3 1s an RTP packet protocol drawing illustrating a
second aspect of the mvention.

FIG. 4 1s an RTP packet protocol drawing illustrating a
third aspect of the invention.

FIG. 5 1s an RTP packet protocol drawing illustrating a
fourth aspect of the invention.

FI1G. 6 1s an RTP packet protocol drawing illustrating a fifth
aspect of the mvention.

FI1G. 7 1s a schematic block diagram illustrating the present
invention system for transmitting an MPEG2TS 1 a RTP/
UDP/IP packet.

FIG. 8 1s a flowchart illustrating the present invention
method for receiving an MPEG2TS 1na RTP/UDP/IP packet.

FIG. 9 1s a flowchart illustrating the present invention
method for transmitting an MPEG2TS 1n a RTP/UDP/IP
packet.

FIG. 10 1s a diagram 1llustrating the transport of the pro-
gram clock reference (PCR) used 1n synchronizing an MPEG
systems clock (prior art).

FIG. 11 1s a timing model of an MPEG system, as specified
in ISO/IEC 13818-1 (prior art).

FIG. 12 1s a diagram illustrating the MPEG2TS packet
structure (prior art).

FI1G. 13 1s a diagram illustrating real-time protocol (RTP)
as defined by RFC 2250 (prior art).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a schematic block diagram of the present inven-
tion system for recerving an MPEG2TS 1n a RTP/UDP/IP
packet. The system 100 comprises a recerver 102 having an IP
network interface to receive an IP packet via an IP network on
line The IP network has an inherent variable transmission
delay. The variable transmission delay problem associated
with real-time IP communications has been described in the
Background Section, above, and as 1s understood by those
skilled 1n the art. The receiver 102 has an interface on line 106
to supply a RTP packet. For simplicity, it 1s assumed that the
receiver 102 disassembles the IP packet payloads imnto RTP
packets.

A de-ntter module 108 has an interface on line 106 to
accept the RTP packet. The de-jitter module 108 accesses a
timestamp carried 1n a RTP packet, and links the timestamp
with a program clock reference (PCR) MPEG2TS carried in
the RTP packet payload. The de-jitter module 108 uses the
timestamp to eliminate variable transmission delay jitter.
More specifically, the de-jitter module 108 reduces jitter asso-
ciated with a PCR MPEG2TS to an acceptable level. That 1s,
the de-jitter module 108 has an interface on line 110 to supply
the PCR MPEG2TS with a constant delay, so that the
MPEG2TS can be used to support real-time communications.
In some aspects of the system, the de-jitter module 108
accesses a timestamp having a resolution of greater than 500
nanoseconds (ns) and supplies a PCR MPEG2TS with a jitter
of less than 500 ns. In other aspects, the de-jitter module uses
the timestamp to determine the target transmission time of the
PCR MPEG2TS. Alternately stated, the timestamp represents
the PCR MPEG2TS target transmission time.

FI1G. 2 1s a RTP packet protocol drawing illustrating a first
aspect of the present mnvention. In this aspect (as 1n FIGS. 3
and 4), the de-jitter module accesses a RTP timestamp carried
in a RTP packet header. Then, the de-jitter module links the
RTP timestamp with a solitary PCR MPEG2TS carried in the
RTP packet payload. The RTP timestamp represents the target
transmission time of the linked PCR MPEG2TS. Thus, the

meaning of the RTP timestamp 1s not exactly the same as the
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timestamp 1n the current version of RFC2250. The exact
variable delay introduced by the IP network 1s not known and,
therefore, cannot be corrected. However, the linkage of the
PCR MPEG2TS to the RTP timestamp provides a time rei-
erence that minimizes the IP network variable delay, as com-
pared with conventional protocol.

Although this protocol is ineflicient with respect to the RTP
packet carrying the PCR MPEG2TS, it should be remem-
bered that occurrence of such an RTP packet is relatively rare,
as PCR MPEG2TS packets occur approximately every 40
milliseconds (ms), or approximately one every 160
MPEG2TS packets in a Standard Definition TV (SDTV)
stream. Note, the overhead 1ssue may also be addressed using,
a header compression scheme.

FIG. 3 1s an RTP packet protocol drawing illustrating a
second aspect of the mvention. In this aspect, the de-jitter
module links the RTP timestamp with a PCR MPEG2TS
immediately following the RTP packet header. The RTP
timestamp represents the target transmission time of the
linked (ﬁrst) PCR MPEG2TS. Thus, the meaning of the RTP
timestamp 1s not exactly the same as the timestamp 1n the
current version of RFC2250. The linkage of the PCR
MPEG2TS to the RTP timestamp provides a time reference
that minimizes the IP network variable delay, as compared
with conventional protocol.

In other aspects, the RTP timestamp can be linked to some
other predetermined position following the RTP packet
header, 1.e., the second, or the last MPEG2TS with respect to
the RTP packet header. Alternately, a reference other than the
end of the RTP packet header may be used.

FIG. 4 1s an RTP packet protocol drawing illustrating a
third aspect of the invention. In this aspect, the de-jitter mod-
ule accesses a timestamp packet index field in the RTP packet
header and uses the timestamp packet index to point to a PCR
MPEG2TS randomly positioned 1n the RTP packet payload.
For example (as shown), the packet index field may reference
the third MPEG2TS packet following the RTP packet header
in a first RTP packet. As another example (not shown), the
packet index may target a MPEG2TS packet in a fourth posi-
tion 1n a second RTP packet. The posmon of the PCR
MPEG2TS can be varied, or made random since the position
can be tracked using the index.

The RTP timestamp represents the target transmission time
of the linked PCR MPEG2TS. Thus, the meaning of the RTP
timestamp 1s not exactly the same as the timestamp 1n the
current version of RFC2250. The linkage of the PCR
MPEG2TS to the RTP timestamp provides a time reference
that minimizes the IP network variable delay, as compared
with conventional protocol.

FIG. 5 1s an RTP packet protocol drawing illustrating a
fourth aspect of the mvention. In this aspect, the de-jitter
module accesses a PCR MPEG2TS index field in the RTP
packet header, and also accesses a PCR MPEG2TS times-
tamp carried 1n a RTP packet header. Note, the RTP packet
header may still include a conventional (unmodified) RTP
timestamp (as shown). The PCR MPEG2TS timestamp 1s a
different timestamp than the conventional RTP timestamp.
The PCR MPEG2TS timestamp field may hold a timestamp
value that includes conventional RTP timestamp information,
offset with the target transmission time of the linked PCR
MPEG2TS. In another aspect, the PCR MPEG2TS times-
tamp 1s just the target transmission time, as oifset from the
RTP timestamp. As in the aspect of FIG. 4, the de-jitter
module uses the PCR MPEG2TS 1ndex to point to a PCR
MPEG2TS randomly posmoned in the RTP packet payload
The PCR MPEG2TS timestamp 1s used to eliminate, or mini-
mize the variable transmission delay jitter.
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The PCR MPEG2TS timestamp represents the target trans-
mission time of the linked PCR MPEG2TS. The linkage of
the PCR MPEG2TS to the PCR MPEG2TS timestamp pro-
vides a time reference that mimimizes the IP network variable
delay, as compared with conventional protocol.

FI1G. 6 1s an RTP packet protocol drawing illustrating a fifth
aspect of the mvention. In this aspect, the de jitter module
accesses a local timestamp field 1n an MPEG2TS delay com-
pensation data structure. The MPEG2TS delay compensation
data structure 1s a new structure that i1s carried in the RTP

packet payload and includes the local timestamp and a cor-
responding PCR MPEG2TS. The local timestamp 1s linked to

the corresponding PCR MPEG2TS 1n the MPEG2TS delay
compensation data structure. In one aspect, only the PCR

MPEG2TS 1s carried 1n an MPEG2TS delay compensation
data structure.

Alternately, the de-jitter module accesses a local times-
tamp field 1n each of a plurality of MPEG2TS delay compen-
sation data structures carried in the RTP packet payload. In
this aspect, the MPEG2TS delay compensation data struc-
tures may 1include both PCR and non-PCR MPEG2TSs.
Then, local timestamps are linked with corresponding non-
PCR MPEG2TSs, as well as with PCR MPEG2TSs. The local
timestamps are used to eliminate jitter associated with corre-

sponding non-PCR MPEG2TSs, as well as with PCR
MPEG2TS:s.

Thus, each MPEG2TS has 1ts own timestamp information,
something akin to a 4-byte Source Packet Header (SPH), as
defined 1n IEC 61883, As a result, each MPEG2TS changes
from the conventional 188-byte format, to a 192-byte format.
The local timestamp represents the target transmission time
of the linked MPEG2TS. The linkage of the MPEG2TS to the
local timestamp provides a time reference that minimizes the
IP network variable delay, as compared with conventional
protocol.

FI1G. 7 1s a schematic block diagram illustrating the present
invention system for transmitting an MPEG2TS 1n a RTP/
UDP/IP packet. The system 700 comprises an encapsulation
module 702 having an mtertace on line 704 to accept a PCR

MPEG2TS. The encapsulatmg module 702 encapsulates the
PCR MPEG2TS 1n a RTP packet payload, and encapsulates a

timestamp 1n a RTP packet referencing the PCR MPEG2TS
target transmission time. Further, the encapsulation module
encapsulates the RTP packet in an IP packet and supplies the
IP packet at an interface on line 706. A transmitter 708 has an
interface on line 706 to accept the IP packet and an interface
to transmit the IP packet via an IP network on line 104.

In some aspects of the system, the encapsulation module
702 encapsulates a timestamp having a resolution of greater
than 500 ns. In other aspects, the encapsulation module 702
encapsulates an RTP timestamp 1n the RTP packet header.

Returning briefly to FIG. 2, 1n a first aspect of the invention,

the encapsulatlon module encapsulates a solitary PCR
MPEG2TS in the RTP packet payload.

Returning to FIG. 3, 1n a second aspect of the invention, the
encapsulation module encapsulates the PCR MPEG2TS 1n
the RTP packet payload, immediately following the RTP
header. Note, other predetermined positions besides the posi-
tion immediately following the RTP packet header can also be

used.

Returming to FIG. 4, 1n a third aspect of the invention, the
encapsulation module encapsulates a PCR MPEG2TS ran-
domly positioned in the RTP packet payload. The encapsula-
tion module also encapsulates a timestamp packet index in the
RTP packet header pointing to the position of the MPEG2TS
in the RTP packet payload.
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Returning to FIG. 5, 1n a fourth aspect of the invention, the
encapsulation module encapsulates a PCR MPEG2TS ran-
domly positioned in the RTP packet payload. The encapsula-
tion module encapsulates a PCR MPEG2TS timestamp (as
explained above), and encapsulates a PCR MPEG2TS index
field 1n the RTP packet header. The PCR MPEG2TS index
points to the position of the MPEG2TS 1n the RTP packet
payload.

Returning to FIG. 6, 1n a fifth aspect of the invention, the
encapsulation module encapsulates the PCR MPEG2TS 1 an
MPEG2TS delay compensatlon structure (as explamed
above), which 1s carried 1n the RTP packet payload The
encapsulation module encapsulates a local timestamp 1n the
MPEG2TS delay compensation data structure, referencing
the co-encapsulated PCR MPEG2TS. In a related aspect, the
encapsulation module receives and encapsulates a plurality of
MPEG2TSs that can be either PCR MPEG2TSs and non-
PCR MPEG2TSs, in a corresponding plurality of MPEG2TS
delay compensation structures. The encapsulation module
encapsulates a local timestamp field in each MPEG2TS delay
compensation structure, referencing a co-encapsulated

MPEG2TS.

Functional Description

FIG. 8 1s a flowchart illustrating the present mmvention
method for recerving an MPEG2TS 1n a RTP/UDP/IP packet.
Although the method 1s depicted as a sequence of numbered
steps for clarity, no order should be inferred from the num-
bering unless explicitly stated. It should be understood that
some of these steps may be skipped, performed 1n parallel, or
performed without the requirement of maintaining a strict
order of sequence. The method starts at Step 800.

Step 802 receives an IP packet via an IP network, having a
variable transmission delay. Step 804 accesses a timestamp
carried 1n a RTP packet. Step 806 links the timestamp with a
program clock reference (PCR) MPEG2TS carried 1n the
RTP packet payload. Step 808 uses the timestamp to elimi-
nate variable transmission delay jitter, associated with the
PCR MPEG2TS. In some aspects, using the timestamp to
climinate variable transmission delay jitter includes using the
timestamp to determine the target transmission time of the
PCR MPEG2TS.

In some aspects of the method, accessing the timestamp
carried 1n the RTP packet 1s Step 804 includes accessing a
timestamp having a resolution of greater than 500 nanosec-
onds (ns). This solution requires that the conventional RTP
timestamp be modified. Then, using the timestamp to elimi-
nate variable transmission delay jitter 1n Step 808 includes
reducing the jitter to less than 500 ns.

In some aspects, accessing a timestamp carried 1in the RTP
packet (Step 804) includes accessing a RTP timestamp car-
ried in a RTP packet header. In other aspects, a new type of
timestamp 1s accessed.

In one aspect of the ivention, linking the timestamp with
a PCR MPEG2TS carried 1n the RTP packet payload (Step
806) includes linking the RTP timestamp with a solitary PCR
MPEG2TS carried in the RTP packet payload (see FIG. 2).

In a different aspect of the invention, linking the timestamp
with a PCR MPEG2TS carried in the RTP packet payload
(Step 806) includes linking the RTP timestamp with a PCR
MPEG2TS immediately following the RTP packet header
(see FIG. 3).

In another aspect of the mvention, Step 8035 accesses an
index field in the RTP packet header. Then, linking the times-
tamp with a PCR MPEG2TS carried 1n the RTP packet pay-
load (Step 806) includes using the index to point to a PCR
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MPEG2TS randomly positioned 1n the RTP packet payload.
In a first vanation, the accessed index field (Step 805) 1s a
timestamp packet index field, and Step 806 uses the times-
tamp packet index to link an RTP timestamp to a PCR
MPEG2TS randomly positioned in the RTP packet payload
(see FIG. 4). In a second variation, the accessed index field
(Step 805) 1s a PCR MPEG2TS index field, and Step 804
accesses a PCR MPEG2TS timestamp carried in a RTP
packet header. Note, the PCR MPEG2TS timestamp and the
PCR MPEG2TS index fields are new fields with respect to the
current revision of RFC 22350. Then, Step 806 uses the PCR
MPEG2TS index to point to a PCR MPEG2TS randomly
positioned 1n the RTP packet payload (see FIG. J).

In another aspect, Step 804 accesses alocal timestamp field
in an MPEG2TS delay compensation data structure. The
MPEG2TS delay compensation data structure 1s a new struc-
ture that 1s carried in the RTP packet payload and includes the
local timestamp and a corresponding PCR MPEG2TS. Then,
Step 806 links the local timestamp to the corresponding PCR
MPEG2TS in the MPEG2TS delay compensation data struc-
ture (see FIG. 6). In a vanation, Step 804 accesses local
timestamp fields 1n each of a plurality of MPEG2TS delay
compensation data structures carried 1n the RTP packet pay-
load. In this case, the MPEG2TS delay compensation data
structures may include either PCR or non-PCR MPEG2TSs.
Then, Step 806 additionally links local timestamps with cor-
responding non-PCR MPEG2TSs, and Step 808 uses the
local timestamps to eliminate variable transmission delay
jitter, associated with the non-PCR MPEG2TSs.

FIG. 9 1s a flowchart illustrating the present invention
method for transmitting an MPEG2TS 1in a RTP/UDP/IP
packet. The method starts at Step 900. Step 902 encapsulates
a PCR MPEG2TS m the RTP packet payload. Step 904
encapsulates a timestamp 1n a RTP packet, referencing the
PCR MPEG2TS target transmission time. Step 906 encapsu-
lates the RTP packet in an IP packet. Step 908 transmits the IP
packet via an IP network.

In some aspects, encapsulating a timestamp 1n a RTP
packetn Step 904 includes encapsulating a timestamp having,
a resolution of greater than 500 ns. In other aspects, Step 904
encapsulates an RTP timestamp 1n the RTP packet header to
reference the PCR MPEG2TS. In different aspects, a new
timestamp 1s used to reference the PCR MPEG2TS, regard-
less of whether the RTP timestamp 1s present, or not.

In one aspect, encapsulating a PCR MPEG2TS 1n the RTP
packet payload (Step 902) includes encapsulating a solitary
PCR MPEG2TS 1n the RTP packet payload (see FIG. 2).

In a different aspect, encapsulating a PCR MPEG2TS in
the RTP packet payload (Step 902) includes encapsulating the
PCR MPEG2TS 1n the RTP packet payload, immediately
tollowing the RTP header (see FIG. 3).

In another aspect, encapsulating a PCR MPEG2TS 1n the
RTP packetpayload (Step 902) includes encapsulating a PCR
MPEG2TS randomly positioned 1n the RTP packet payload.
An additional step, Step 905 encapsulates an index in the RTP
packet header pointing to the position of the MPEG2TS in the
RTP packet payload. In one variation, encapsulating a times-
tamp 1n a RTP packet (Step 904) includes encapsulating an
RTP timestamp in the RTP packet header, and encapsulating
an index 1n the RTP packet header (Step 905) includes encap-
sulating a timestamp packet index in the RTP packet header
(see FIG. 4).

In another variation, encapsulating a timestamp in the RTP
packet (Step 904) includes encapsulating a PCR MPEG2TS
timestamp, and encapsulating an imdex in the RTP packet
header (Step 905) includes encapsulating a PCR MPEG2TS
index field i the RTP packet header (see FIG. 5).
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In another aspect of the method, encapsulating a PCR
MPEG2TS 1 the RTP packet payload (Step 902) 1ncludes

encapsulating the PCR MPEG2TS 1n an MPEG2TS delay
compensation structure, carried in the RTP packet payload.
Encapsulating a timestamp in the RTP packet (Step 904)
includes encapsulating a local timestamp 1n the MPEG2TS
delay compensation data structure, referencing the co-encap-
sulated PCR MPEG2TS (see FIG. 6). In a variation of this
aspect, Step 902 encapsulates a plurality of MPEG2TSs,
either PCR MPEG2TSs or non-PCR MPEG2TSs, 1n a corre-
sponding plurality of MPEG2TS delay compensation struc-
tures (one per delay compensation structure). Then, encapsu-
lating a local timestamp field in the MPEG2TS delay
compensation data structure (Step 904) includes encapsulat-
ing a local timestamp field in each MPEG2TS delay compen-
sation structure, referencing a co-encapsulated MPEG2TS.

Systems and methods have been presented for eliminating,
and/or greatly reducing the variable time delay associated
with IP packet communications. The present invention makes
RTP ausetul means of transporting MPEG2TS via a wireless
local area network (wWLAN). A few simple examples have
been provided to show how the RTP timestamp, or a new
timestamp may be used 1n the process. However, other related
timestamp variations will occur to those skilled 1n the art.
[Likewise, increased clock resolution and index field solutions
have been present to exemplily other aspects. Again, related
variations and embodiments of the invention are likely to
occur to those skilled 1n this field of art.

I claim:

1. A method forrecerving an MPEG?2 transport stream (T'S)
in a real-time protocol (RTP)/user datagram protocol (UDP)/
Internet protocol (IP) packet, the method comprising:

recerving an IP packet via an IP network, having a variable

transmission delay;

accessing a timestamp carried 1n a RTP packet;

accessing an index field in the RTP packet header;

linking the timestamp with a program clock reference

(PCR) MPEG2TS carried 1n the RTP packet payload by
using the index to point to a PCR MPEG2TS randomly
positioned 1n the RTP packet payload; and,

using the timestamp to eliminate variable transmission

delay jitter, associated with the PCR MPEG2TS.

2. The method of claim 1 wherein accessing the timestamp
carried 1n the RTP packet includes accessing a timestamp
having aresolution of greater than 500 nanoseconds (ns); and,

wherein using the timestamp to eliminate variable trans-

mission delay gjitter, associated with the PCR
MPEG2TS, includes reducing the jitter to less than 500
ns.

3. The method of claim 1 wherein accessing a timestamp
carried 1n the RTP packet includes accessing a RTP times-
tamp carried in a RTP packet header.

4. The method of claim 3 wherein linking the timestamp
with a PCR MPEG2TS carried in the RTP packet payload
includes linking the RTP timestamp with a solitary PCR
MPEG2TS carried in the RTP packet payload

5. The method of claim 1 wherein accessing an index field
in the RTP packet header includes accessing a timestamp
packet index field; and,

wherein linking the timestamp with a PCR MPEG2TS

carried 1n the RTP packet payload includes using the
timestamp packet index to link an RTP timestamp to a
PCR MPEG2TS randomly positioned in the RTP packet
payload.

6. The method of claim 1 wherein accessing an index field
in the RTP packet header includes accessing a PCR

MPEG2TS index field;
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wherein accessing a timestamp carried 1n the RTP packet
includes accessing a PCR MPEG2TS timestamp carried
in a RTP packet header; and,

wherein linking the timestamp with a PCR MPEG2TS
carried 1n the RTP packet payload includes using the
PCR MPEG2TS index to pomnt to a PCR MPEG2TS
randomly positioned in the RTP packet payload.

7. The method of claim 1 wherein using the timestamp to

climinate variable transmission delay jitter, associated with
the PCR MPEG2TS, includes using the timestamp to deter-
mine the target transmission time of the PCR MPEG2TS.

8. A method for transmitting an MPEG2 transport stream
(TS) 1n a real-time protocol (RTP)/user datagram protocol
(UDP)/Internet protocol (IP) packet, the method comprising:

encapsulating a program clock reference (PCR)
MPEG2TS 1n the RTP packet payload;

encapsulating a timestamp randomly positioned 1n a RTP
packet payload, referencing the PCR MPEG2TS target
transmission time;

encapsulating the RTP packet 1n an IP packet;

encapsulating an index in the RTP packet header pointing
to the position of the MPEG2TS in the RTP packet
payload; and,

transmitting the IP packet via an IP network.

9. The method of claim 8 wherein encapsulating a times-
tamp 1 a RTP packet, referencing the PCR MPEG2TS,
includes encapsulating a timestamp having a resolution of
greater than 500 nanoseconds (ns).

10. The method of claim 8 wherein encapsulating a times-
tamp 1n a RTP packet includes encapsulating an RTP times-
tamp 1n the RTP packet header.

11. The method of claim 10 wherein encapsulating a PCR
MPEG2TS 1n the RTP packet payload includes encapsulating
a solitary PCR MPEG2TS 1n the RTP packet payload.

12. The method of claim 8 wherein encapsulating a times-

tamp 1n a RTP packet includes encapsulating an RTP times-
tamp 1n the RTP packet header; and,

wherein encapsulating an index 1n the RTP packet header

includes encapsulating a timestamp packet index 1n the
RTP packet header.

13. The method of claim 8 wherein encapsulating a times-

tamp in the RTP packet includes encapsulating a PCR
MPEG2TS timestamp; and,

wherein encapsulating an index 1n the RTP packet header
includes encapsulating a PCR MPEG2TS 1ndex field 1n

the RTP packet header.

14. A system for receiving an MPEG2 transport stream
(TS) 1n a real-time protocol (RTP)/user datagram protocol
(UDP)/Internet protocol (IP) packet, the system comprising:

a decoder having an IP network interface to recerve an IP
packet via an IP network, having a variable transmission
delay, and an interface to supply a RTP packet;

a buller having an interface to accept the RTP packet, the
builer accessing a timestamp packet index field carried
in a RTP packet header and uses the timestamp jacket
index to point to a PCR MPEG2TS randomly positioned
in the RTP packet payload, linking the timestamp with a
program dock reference (PCR)MPEG2TS carried 1in the
RTP packet payload, and using the timestamp to elimi-
nate variable transmission delay jitter, the buifer having
an interface to supply the PCR MPEG2TS with a con-
stant delay; and,

a system clock having an interface to receive the PCR
MPEG2TS with the constant delay and to provide a
synchronized system time.
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15. The system of claim 14 wherein the builer accesses a
timestamp having a resolution of greater than 500 nanosec-

onds (ns) and supplies a PCR MPEG2TS with a jitter of less
than 500 ns.

16. The system of claim 14 wherein the buffer accesses a
RTP timestamp carried in a RTP packet header.

17. The system of claim 16 wherein the buffer links the
RTP timestamp with a solitary PCR MPEG2TS carried in the
RTP packet payload.

18. The system of claim 14 wherein the buffer accesses a
PCR MPEG2TS 1ndex field in the RTP packet header,
accesses a PCR MPEG2TS timestamp carried in a RTP
packet header, uses the PCR MPEG2TS index to point to a
PCR MPEG2TS randomly positioned 1n the RTP packet pay-
load, and uses the PCR MPEG2TS timestamp to eliminate
variable transmission delay jitter.

19. The method of claim 14 wherein the buflfer uses the
timestamp to determine the target transmission time of the
PCR MPEG2TS.

20. A system for transmitting an MPEG2 transport stream
(TS) 1n a real-time protocol (RTP)/user datagram protocol
(UDP)/Internet protocol (IP) packet, the system comprising:

a system clock having an interface to supply a program

clock reference (PCR) MPEG2TS;

a buffer having an interface to accept the PCR MPEG2TS,
the butter randomly positioning the PCR MPEG2TS 1n
a RTP packet payload, encapsulating a timestamp packet
index 1n the RTP packet header referencing the PCR
MPEG2TS target transmission time, encapsulating the
RTP packet in an IP packet, the timestamp packet index,
pointing to the position of the MPEG2TS 1n the RTP
packet payload, and supplying the IP packet at an inter-
face; and,

a system coder having an interface to accept the IP packet
and an interface to transmit the IP packet via, art IP
network.

21. The system of claim 20 wherein the buller encapsulates

a timestamp having a resolution of greater than 500 nanosec-
onds (ns).

22. The system of claim 20 wherein the bu
an RTP timestamp in the RTP packet header.

23. The system of claim 22 wherein the builfer encapsulates
a solitary PCR MPEG2TS 1n the RTP packet payload.

24. The system of claim 20 wherein the butlfer encapsulates
a PCR MPEG2TS randomly positioned 1n the RTP packet
payload, encapsulates a PCR MPEG2TS timestamp, and
encapsulates a PCR MPEG2TS index field in the RTP packet
header pointing to the position of the MPEG2TS 1n the RTP
packet payload.

25. A method for receiving an MPEG?2 transport stream
(TS) 1n a real-time protocol (RTP)/user datagram protocol
(UDP)/Internet protocol (IP) packet, the method comprising:

recerving an IP packet via an IP network, having a variable
transmission delay;

accessing a local timestamp field in an MPEG2TS delay
compensation data structure, where the MPEG2TS
delay compensation data structure 1s carried 1n the RTP
packet payload and includes the local timestamp and a
corresponding PCR MPEG2TS;

linking the timestamp with a program clock reference
(PCR) MPEG2TS carried in the RTP packet payload;

using the timestamp to eliminate variable transmission
delay jitter, associated with the PCR MPEG2TS; and,

wherein linking the timestamp with a PCR MPEG2TS
carried in the RTP packet includes linking the local
timestamp to the corresponding PCR MPEG2TS 1n the
MPEG2TS delay compensation data structure.

[T

er encapsulates
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26. The method of claim 25 wherein accessing a local
timestamp field in an MPEG2TS delay compensation data
structure includes accessing a local timestamp field 1n each of
a plurality of MPEG2TS delay compensation data structures
carried i the RTP packet payload, where the MPEG2TS
delay compensation data structures include an MPEG2TS
selected from the group including PCR and non-PCR

MPEG2TSs;
wherein linking the timestamp with a PCR MPEG2TS

carried 1n the RTP packet payload additionally includes
linking local timestamps with corresponding non-PCR
MPEG2TSs; and.,

wherein using the timestamp to eliminate variable trans-
mission delay jitter, associated with the PCR
MPEG2TS, additionally includes using the local times-
tamps to eliminate jitter associated with corresponding
non-PCR MPEG2TS:s.

27. A method for transmitting an MPEG?2 transport stream
(TS) 1n a real-time protocol (RTP)/user datagram protocol
(UDP)/Internet protocol (IP) packet the method comprising:

encapsulating a program clock reference (PCR)

MPEG2TS 1 an MPEG2TS delay compensation struc-
ture, carried 1n the RTP packet payload,;
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encapsulating a timestamp 1n a RTP packet, referencing the
PCR MPEG2TS target transmission time;

encapsulating the RTP packet in an IP packet;

transmitting the IP packet via an IP network; and,

wherein encapsulating a timestamp in the RTP packet
includes encapsulating a local timestamp 1n the

MPEG2TS delay compensation data structure, referenc-
ing the co-encapsulated PCR MPEG2TS.

28. The method of claim 27 wherein encapsulating the
PCR MPEG2TS 1n an MPEG2TS delay compensation struc-
ture includes encapsulating a plurality of MPEG2TSs,
selected from the group including PCR MPEG2TSs and a
non-PCR MPEG2TSs, in a corresponding plurality of
MPEG2TS delay compensation structures; and,

wherein encapsulating a local timestamp field 1n the
MPEG2TS delay compensation data structure includes
encapsulating a local timestamp field in each MPEG2TS

delay compensation structure, referencing a co-encap-
sulated MPEG2TS.




	Front Page
	Drawings
	Specification
	Claims

